Using fluorous amino acids to probe the effects of changing hydrophobicity on the physical and biological properties of the beta-hairpin antimicrobial peptide protegrin-1.
Protegrins are potent members of the beta-hairpin-forming class of antimicrobial peptides. Key to their antimicrobial activity is their assembly into oligomeric structures upon binding to the bacterial membrane. To examine the relationship between the physicochemical properties of the peptide and its biological activity, we have synthesized variants of protegrin-1 in which key residues in the hydrophobic core, valine-14 and -16, are changed to leucine and to the extensively fluorinated analogue hexafluoroleucine. These substitutions have the effect of making the peptide progressively more hydrophobic while minimally perturbing the secondary structure. The leucine-containing peptide was significantly more active than wild-type protegrin against several common pathogenic bacterial strains, whereas the hexafluoroleucine-substituted peptide, in contrast, showed significantly diminished activity against several bacterial strains. Isothermal titration calorimetry measurements revealed significant changes in the interaction of the peptides binding to small unilamelar vesicles that mimic the lipid composition of the bacterial membrane. The binding isotherms for wild-type and leucine-substituted protegrins indicate that electrostatic interactions dominate the membrane-peptide interaction, whereas the isotherm for the hexafluoroleucine-substituted protegrin suggests a diminished electrostatic component to binding. Notably both of these substitutions appear to alter the stoichiometry of the lipid-peptide interaction, suggesting that these substitutions may stabilize oligomerized forms of protegrin that are postulated to be intermediates in the assembly of the beta-barrel membrane pore structure.